TEOPUA PASPABOTKH
KOPIIOPATUBHbIX
NHOOPMAIIUMOHHBIX CUCTEM.

Jlekuust 2. OCHOBHbIE KOHCTPYKLUW
OpenMP.
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Jlrobas nporpamma, nocrnepoBaTesibHas UMW napanrnenbHas, COCTOUMT U3 Habopa
obnacteM ABYX TUMNOB: nocriegoBaTtesfibHbIX obrnacted wuM  obnacrteu
pacnapannenueaHusa. [lpn BbINOMIHEHMM nocneAoBaTesibHbIX  obrnacteu
nopoXxaaeTcs TONIbKO OAWH rnaBHbIX MNOTOK (npouecc). B 3TomMm XXe noToke
WHULMUUPYETCA BbINMOJSIHEHME NPOorpaMmbl, a Takke NPOUCXOAUT ee 3aBepLueHue. B
nocrnepoBaTesibHOM NMporpaMmMme B obGnacTsX pacnapannesiuBaHusi nopoXxaaeTcs
TaKXXe TOJNIbKO OAWH, FMaBHbIA MOTOK, U 3TOT NMOTOK ABNAETCA €AUHCTBEHHbLIM Ha
NPOTAXEHUU BbINOSIHEHUA BCen nporpammbl. B napannensHou nporpamme B
obnactax pacnapannenuBaHUA NoOpoOXAaeTCA UuUenbin pap  napanfenbHbIX
notokoB. lNopoxaeHHble napannenbHble NMOTOKUM MOFYT BbINONMHATLCA KaK Ha
pa3HbIX Npoueccopax, Tak U Ha OQHOM npoueccope BbIYUCIIUTENTbHOU CUCTEMDI.
B nocneaHem cnydyae napannernbHble npouecchbl (MOTOKM) KOHKYPUPYIOT MexXAay
cobomn 3a AoCcTyn K npoueccopy. YrnpaBrieHUe KOHKypeHLUMen OoCyllecTBnsieTcs
NJIaHNPOBIUMKOM  OMnepauuoHHOM CUCTEMblI C MNOMOLILIK cheuuanbHbIX
anroputmMoB. B onepaumoHHoun cucteme Linux nnaHMpoBLUMK 3apad
ocyLiecTBnsieT o6paboTKy NpoLeccoB C MNOMOLLLI CTaHAAPTHOro KapycernbHoro (
round-robin ) anroputma. NMpn 3TOM TONMbLKO agMUHUCTPATOPbLI CUCTEMbI UMEIOT
BO3MOXHOCTb MW3MEHUTb WU 3aMEeHUTb I3TOT aJfiropuTM CUCTEMHbIMMU
cpeactBamu. Takmm oOpas3omMm, B napannenbHbIX MporpamMmax B obnacrtax
pacnapannenuBaHus BbINONHAETCA paa napannesibHbIX NOTOKOB.



[TpnHUMNManbHaa cxema napanienbHOU
nporpammbil

I'aBpHBLI NOTOK

@_

A 7

O6nacTH pacnapasiie/MBaHus

Mpn BbINONMHEHUU napannesibHOW nporpammbl pabora HauMHaeTcs C MHUMUManNU3auMM U BbINONHEHUS
rnmaBHOro rnoTtoka (npouecca), KOTOpPbIX NO Mepe Heo6XxoAMMOCTU CO3AaeT U BbINONHAET napannenbHble
NOTOKW, NnepeaaBas UM Heobxoaumble faHHble. NMapannenbHblie NOTOKM U3 OAHOW NapannenbHou obnacTu
nporpaMmmMmbl MOTYT BbIMONMHATLCA KaK He3aBUCUMO ApPYr OT Apyra, TaKk U C NepecbisIKkOn U NoslyYyeHuem
coobLweHnn OoT ApyrMx napannenbHbiX NOTOKOB. lMocneaHee o6CTOATENLCTBO YCNOXHAET pa3paboTKy
nporpamMmmbl, MOCKOSIbKY B 3TOM cry4yae MporpaMmmMucTy MpPUXOAUTCSH 3aHUMaTbLCS MiaHMpoBaHUEM,
opraHumsaumen U CUHXPOHU3aLMEN MNOCLISIKM COOOLIEeHMU Mexay napanneribHbIMUM NOTOKaMu. Takum
oGpa3om, npu paspaboTke napannenbHOW nNporpamMmbl XenaTefbHO BblAeNATb TakMe obnacTtu
pacnapannenuMBaHusi, B KOTOPbIX MOXHO OpraHu3oBaTb BbIMOJSIHEHME HEe3aBUCUMbIX MapannenbHbIX
notokoB. [na o6meHa pAaHHbIMM MeXxAay napannenbHbIMU npoueccamu (notokamu) B OpenMP
ucrnonb3yrwTca obwwue nepemeHHble. [lpn oOpaweHMn K oOWuM nepeMeHHbIM B PasnnyHbIX
napannenbHbIX NOTOKaX BO3MOXHO BO3HMKHOBEHWE KOHMIUKTHbIX CUTyauun npu AoCcTyne K AaHHbIM.
Ona npepoTtBpaweHnss KOH(IIMKTOB MOXHO BOCMNOMb30BaTbCA MNpoueaypon CUHXpOHu3auum (
synchronization ). Npn atom Hago umMeTb B BuAyY, YTO npoueaypa CUHXPOHU3aLUU - OYEeHb Aoporasi
onepauuvsa nNo BpeMeHHbIM 3aTpaTtaMm M XenaTefibHO NO BO3MOXHOCTU M3beratb ee UMM NpUMMeHATb Kak
MOXHO pexe. [1nsa 3Toro Heo6xoAMMO O4YeHb TLWaTeNbHO NPOAYMbIBaTb CTPYKTYPY AaHHbIX NPOrpamMmbl.



BbinonHeHMe napannenbHbIX NMOTOKOB B MapansiesibHOM o6ract nporpaMmmMbl HaYMHAETCA C UX
MHMuManusaumu. OHa 3akf4vaeTcas B CO34aHUM [OECKPUNTOPOB MNOPOXAAaeMbIX MOTOKOB M
KONMpPOBaHUN BCeX AaHHbIX U3 061acTU AaHHbLIX FMTABHOrO NOTOKA B 06/1aCTU AaHHbIX cO34aBaeMbIX
napansnesribHbIX NOTOKOB. dTa onepauus 4Ype3BblYauHO TPyAOEeMKa - OHa 3KBMBANEHTHa NMPUMEpPHO
Tpyaoemkoctn 1000 onepauumn.

Ona TOoro 4YtoObLlI MOMYy4YUTb BbLIUTPLIW B ObICTPOAEMCTBUM NapannesribHoun
nporpamMmmbl, HeO6X0ANUMO, YTOObI TPYAOEMKOCTb NapannesibHbIX NPoLeccoB B
obnacTax pacnapansenuBaHua NporpamMmmbl CyLeCTBEHHO npeBocxoauna obl
TPYAOEMKOCTb MOpPOXAEHUSA napanienbHbIX NOTOKOB.

[Mocne 3aBepLUeHUs BLINOMHEHUS MapannenbHbIX NMOTOKOB ynpaBrieHWe NMporpaMmMoi BHOBb MepepaeTcs
rmaBHomy rnoToky. [pyM 3TOM BO3HMKAEeT npobnema KOPPEKTHOW nepefadn AaHHbIX OT napasnenbHbIX
MOTOKOB [NaBHOMY. 34€eCb BaXkHYK pPOSfib UrpaeT CUHXPOHWU3auMs 3aBeplueHns paboTbl napanfesibHbIX
MOTOKOB, MOCKOSIbKY B CWUITy LENoro psiga oOCTOATENbCTB BPEMS BbINOSIHEHUS AaXe OAMHAKOBbIX MO
TPYAOEMKOCTU napannenbHbIX NOTOKOB HemnpeackasyemMo (OHO ornpeaensdeTca Kak UCTOpUen KOHKYpeHL MU
napannenbHbIX MNPOLEeCcCoB, Tak M TEKYLMM COCTOSHWEM BbIYUCAUTENBHON CUCTEMbI). [Mpn BbINOAHEHUN
onepaunm CUHXPOHM3aUUKM NapannenbHble NOTOKKU, YXe 3aBepLUMBLLUME CBOE BbIMOMHEHWE, NPOCTanBatoT U
oXuaalT 3aBeplleHus paboTbl camoro nocriegHero noTtoka. EcTtecTBeHHO, Npy 9TOM HeusbexHa noteps
appekTnBHOCTM paboTbl NapannensHon NporpamMmmel.

BbiBOoA: npu BblaeneHnn napannenbHbIX obflacten nporpaMmmbl U pa3padboTke
napannenbHbIX npoueccos HeobOxoaumo, YTOObI TPYAOEMKOCTb
napannesnibHbIX npoueccoB Obinla He MeHee 2000 onepauun peneHusa. B
NPOTMBHOM Crlydae napansfenbHbii BapuaHT nporpamMmmbl OyaoeT npouvrpobiBaTth B
BbiCTpogeNCTBMM NocriegoBaTenbHON nporpamme. [Ana apdektneHon paboTtaroLlen
napannenbHOn NporpaMmmbl 3TOT Npeaes AOMMKEH ObiTb CYLLECTBEHHO MPEBbILLEH.



Bropoit sonpee.

aKCUC AUPEKTUB penMP

»



OcHoBHbIe KOHCTpYKUMK OpenMP - 3ToO AMPEKTUBLI KOMNUNATOPAa UNu nparMbl
(ampekTuBbl npenpoleccopa) a3blka C/C++.

O6wwmn Buag anpektnebl OpenMP

#pragma omp KOHCTPYKUMA [npeanoxeHne [npeanoxeHue] ... |

BonblnHcTBo AnpekTne OpenMP npnMeHsieTcst K CTPYKTYPHbIM Grnokam.
CTpYKTYpHbIe OGJsIOKM - 3TO NnocriegoBaTeribHOCTN ONepaTopoB C O4HON TOYKOWN
BXoAda B Havane 6noka n ogHou TOYKOM Bbixoda B KOHUE Broka.

Mpumep 2.1. NMpumMmep CTPYKTYpPHOro 6ryioka B nporpamme Ha fisbike Fortran
c$omp parallel
10 wrk (id) = junk (id)
res (id) = wrk (id)**2
if (conv (res)) goto 10
c$omp end parallel
print *, id

NMpumep 2.2. Npumep HeCTPYKTYPHOro 65ioka B nporpamme Ha fisbike Fortran

c$omp parallel

10 wrk (id) = junk (id)

30 res (id) = wrk (id)**2

if (conv (res)) goto 20

goto 10c$omp end parallel

if (not_done) goto 30 20 print *, id



O6wun Bnag ocHoBHbIX AnpekTuB OpenMP Ha a3bike C/C++.
# pragma omp parallel \

private (var1, var2, ...)
shared (var1, var2, ...)
firstprivate (var1, var2, .
lastprivate (var1, var2, .
copyin (var1, var2, ...)
reduction (operator: var1, var 2, ...) \
if (expression) \
default (shared | none) \
{ [ CTpyKTYypHbIN O65IOK Nnporpammbill}

\
\

I\

)\
\

MNMpepnoxeHune OpenMP shared ncnonb3syercsa ana onmcaHusa ooLWMUX NepeMeHHbIX.
lNpeanoxeHue private ncnonb3yeTcs AN oNNCaHUA BHYTPEHHUX (NMOKaribHbIX)
nepeMeHHbIX ANIA KaXXaoro napannenbHoro npouecca. lNpeanoxeHue firstprivate
NpPUMeHseTCcs ANs ONUcCaHUA BHYTPEHHUX NepeMeHHbIX napannenbHbIX MPoLeccoB,
OoAHaKoO AaHHble B 3TV NepeMeHHble UMNOPTUPYIOTCA U3 FMaBHOro NOTOKa.
MNMpeanoxeHue reduction nosBonsier cobpartb BMecTe B rMaBHOM NOTOKe pe3ysibTaTbl
BbIYUCIIEHMN YAaCTUYHbIX CYMM, Pa3HOCTEN U T. N. U3 NapansiefibHbIX NOTOKOB.
MNMpepnoxeHue if ABNSeTCA yCNOBHbLIM OnepaTtopoM B napannenbHOM Orioke.
MNMpepnoxeHue default onpegenseT No yMmon4yaHUio TUN BCeX NepeMeHHbIX B
nocrieayrowemM napansiesibHoOM CTPYKTYPHOM GJioKe nporpamMmbl.

lNMpeanoxeHue copyin NO3BONSIET JIEFKO U NMPOCTO NepepaBaTb AaHHbIe U3 IMaBHOIO
NOTOKa B NnapannenbHble.

Ana npoaomkeHUA ANIMHHbIX AUPEKTUB Ha creayrowmux CTPpoKax B NporpamMmax Ha
C/C++ npumMmeHsieTca cumMBOn "obpaTHbIN Cnaw"™ B KOHLE CTPOKMU.



OcobeHHOCTU peanusauumn anpektus OpenMP

KonnyecTBo NoTOKOB B NapanmnenbHon nporpamme onpeaensietcs nmbo
3Ha4yeHnem nepemeHHoun okpyxeHna OMP_ NUM THREADS, nnbo cneuunanbHbiMu
dYHKUMAMN, Bbi3biIBAEMbIMUN BHYTPU CaMOn NPOrpaMmmel.

3agaHune nepemeHHon okpyxeHns OMP NUM THREADS B onepaunoHHomn
cucteme Linux ocyLlecTBnsaeTca cneayowmm odbpasomM ¢ MOMOLLBbIO KOMaHAbI

export OMP_NUM_THREADS=256
34ecb ObInio 3aaaHo 256 napannenbHbIX NOTOKOB.
[MpocmoTpeTb cocTosiHne nepemeHHon okpyxeHns OMP NUM THREADS
MO>XHO, Hanpumep, ¢ NOMOLLLIO Crieayrowen KomaHabi:

export | grep OMP_NUM_THREADS

Kaxkgbin NOTOK MMeeT cBon HoMep thread number, HaYMHaOWNKUCA OT Hynsa (ang
rmaBHOro rnotoka) u 3akaHuymsatowmmnca OMP_ _NUM THREADS-1.



Onpegenntb HOMep TEKyLero NoToka MOXXHO C MOMOLLBbIO (PYHKLNU
omp_get_thread num().

Kaxkabl NOTOK BbIMOSTHAET CTPYKTYPHbIN BNOK NporpaMmmbl, BKIKOYEHHbIN B
napannenbHbI permoH. B obliem cnydae CMHXpOHU3aUumM Mexay noTOKaMu HeT, U
3apaHee npefackasartb 3aBeplueHne NoToka Hemnb3s. YnpaBneHue
CUHXpPOHM3aLMen NOTOKOB U AaHHbIX OCYLLEeCTBNAETCA NPOorpaMmMmucTomM
BHYTpPU nporpamMmmbl. [locne 3aBepLueHns BbINOHEHUA NapanfefibHOro
CTPYKTYPHOro broka nporpamMmmsbl BCce nNapannernbHble NOTOKU 3a UCKNOYEHUEM
[MaBHOroO NpekpaLlatT CBOe CyLLeCTBOBaHME.

NMpumep BeTBNEHUA BO pparmMeHTe nporpaMmmMmbl B 3aBUCUMOCTU OT HOMepa
napannesibHoOro noTokKa
#pragma omp parallel
{
myid = omp_get_thread num () ;

if (myid == 0) do_something () ;

else do_something_else (myid) ;}
B aTOM npumepe B nepBon CTPOKE napansensHoro drnoka Bbi3biBaeTca yHKUNS
omp_get thread num, Bo3Bpallatowaa HoMep napannenbHOro NoToka. AToT
HOMEp COXpaHsaeTcs B fiokanbHoU nepemeHHon myid. [lanee B 3aBUCUMOCTU OT
3HayeHuns nepemeHHon myid BbI3biBaeTcs NM60 oyHKumMa do_something() B
nepBOM NapannenbHOM rnotoke ¢ Homepom 0, NnMbo pyHKUMA
do_something_else(myid) BO BCcex ocTasribHbIX napasnnenbHbiX NOTOKax.



B OpenMP cyuwiecTBYIOT pasfiudHble pexumbl BbinonHeHusa (Execution
Mode) napannesnbHbIX CTPYKTYPHbIX ONMTOKOB.

Bo3MOXHbI criegyowme pexmmel:
 OuHamuyeckum pexxum (Dynamic Mode).
OTOT PEXMM YCTAHOBIIEH MO YMOMYaHUIO N onpegendeTcs 3agaHnemM nepemMeHHoOu
okpyxeHust OMP_DYNAMIC B onepaumoHHOM cucteme Linux.,
3agartb 3Ty NepeMeHHyY MOXXHO, HanpuMep, ¢ NOMOLLIbIO crieayoLlen KomaHabl
onepaunoHHon cuctemsl Linux:
export OMP_DYNAMIC

Kpome Toro, cyLiecTByeT BO3MOXHOCTb 3a4aTb 3TOT PEXNM U caMy NEPEMEHHYHO BHYTPU
NporpaMmsl, Bbl3BaB QyHKLMIO

omp_set_dynamic()

OTtmeTnMm, 4To Ha KoMnbtoTepax Silicon Graphics S350 n Kraftway G-Scale S350 BTopas
BO3MOXHOCTb OTCYTCTBYET.

B AnHaMmnyeckom pexmme KOnM4eCcTBO NMOTOKOB onpeaenifaseTcsa camomn
ornepauyuoHHON CUCTEMON B COOTBETCTBUM CO 3HaAYEeHMEM nepemMeHHOMN
okpyxeHuna OMP_NUM_THREADS.

B npouecce BbINONHEHWsI NapannenbHon NporpamMmmbl Npy nepexoae oT O4HOoK obnacTtu
pacnapannenuBaHus K Apyro ata nepeMeHHasi MOXXeT U3MEHSATb CBOE 3HAYEHUE;



CraTtnyeckuin pexum (Static Mode). OTOT pexmm onpeaenseTca 3agaHnem
nepemeHHon okpyxxeHna OMP STATIC B onepaumoHHon cucteme Linux. B aTtom
criyyae KonmyecTBO NOTOKOB onpeaensieTcsl nporpaMmmMmncTom.

3agatb nepemMeHHyto okpyxeHnsa OMP  STATIC moxHo, Hanpumep, C NOMOLLbIO

criegyroLlen KomaHgbl onepaumoHHON CUCTEMbI Linux:
export OMP_STATIC

Kpome Toro, cylecTByeT BO3MOXHOCTb 3a4aTb 3TOT PEXUM U camMy NEPEMEHHYHO

BHYTPM NPOrpamMmsl, Bbi3BaB (PYHKLMIO
omp_set_static()

OpHako Ha komnbtoTepax Silicon Graphics S350 u Kraftway G-Scale S350 BTopas

BO3MOXHOCTb OTCYTCTBYET,

MNMapannenbHbie CTPYKTYPHLIE B51I0KU MOTryT ObITb BIOXEHHBIMU, HO
KOMMNUNATOP MHOrga no pagy npuyrMH MOXET BbIMOMHATL UX U NOCeoBaTeNnbLHO B
pamMKax ogHOro rnotoka. BnoxeHHbIN peXxnum BbIMONTHEHUS NapansienbHbIX
CTPYKTYPHbIX BNOKOB onpeaensieTcs 3agaHnem nepeMeHHOM OKPYXXEHUS
OMP_NESTED=[FALSE|TRUE] (no ymon4yaHnuto 3agaetca FALSE ) B
onepaumnoHHomn cucteme Linux.

3agaTb 3Ty NepeMeHHY MOXHO, Harnpumep, ¢ NOMOLLLIO crieaytowen KomaHabl

onepaumoHHOn cuctemsbl Linux:
setenv OMP_NESTED TRUE

Kpome Toro, cyLecTByeT BO3MOXHOCTb 3a4aThb 3TOT PEXUM U camMy NEPEMEHHYHO

BHYTPM NPOrpamMmsl, Bbi3BaB (PYHKLMIO
omp_set nested( TRUE | FALSE)



OupektnBbl OpenMP

OvpekTtusBsbl shared, private n default
OTn aupekTusbl (NpegnoxeHns OpenMP) ncnosnb3yroTca 48 OnNMcaHus TUMNOB
NepemMeHHbIX BHYTPU napansienbHbIX MOTOKOB.

MNMpeanoxeHne OpenMP shared( var1, var2, ..., varN )

onpeaensieT nepemeHHble vari, var2, ..., varN kak obuwime nepeMeHHble Ans Bcex
NMOTOKOB.

OHu pa3smeLllaroTcss B OAHOW 1 TOW Xe obnactn namMaTu Anst BCeX NOTOKOB.

MNMpeanoxeHne OpenMP private( var1, var2, ..., varN )
onpepenseT nepemMeHHsle vari, var2, ..., varN Kak riokaribHble NepeMeHHbIE aNd
Kakaoro n3 napannernbHbIX NOTOKOB.

B Ka)xgom 13 nOTOKOB 3TU nepemMeHHble MMEeT COBCTBEHHbIE 3HAYEHUA U OTHOCSATCH
K pa3in4yHbIiM obrnacTtsam namMaTn: NokarnbHbIM 00NAcTAM NaMsATU KaXXaoro
KOHKPETHOIo napariiesibHOoro rnoTtoka.



B ka4dyecTtBe wunnwcTpaumMm wucnonb3oBaHua pupektue OpenMP shared wm  private
paccMoTpum (pparmMeHT nporpaMmmebil.

B aToM npumepe nepeMeHHasi a onpeaeneHa Kak obwas n AaBnsaeTca naeHTU(pUKaTopom
OoAHOMepHOro Maccuaa.

NepemeHHble myid U X onpeaeneHbl Kak rokKanbHble NepeMeHHble AN KaXaoro wus
napannenbHbIX NOTOKOB.

B kaxxgom 13 napannesibHbIX NOTOKOB JlIOKaribHble NepeMeHHblIe Nony4arT COOCTBEHHbIe
3HayeHus. llocne 4Yero npu BbINONMHEeHUU ycnoBua x<1.0 3Ha4YeHUe nOKanbHOW
nepeMeHHOMU x npuceBamBaeTcs myid -1 KOMNOHEHTe obLero Ans Bcex NOTOKOB MaccuBa
a. 3Ha4YeHue x byaeT HeonpeAaerieHHbIM, eCliu He onpeAenUTb X Kak NepeMeHHy Tvna
private.

OTMeTUM, 4YTO 3HauyeHUs private -nepemMeHHbIX He onpedeneHbl A0 M nocrne Onoka
napannesibHbIX BbIYUCIIEHUN.

* [pumep ncnonbsoBaHusa ampektuB OpenMP shared u private B napannensHon obnactu
nporpamMmbl

e c$omp parallel shared (a)
o c$omp& private (myid, x)
e myid =omp_get thread num ()

. x = work (myid)

. if (x <1.0) then

. a (myid) = x

. endif

 [lpeanoxeHne OpenMP default ( shared | private | none)

* 3apaeT TMN BCeX NepeMeHHbIX, onpenensieMbiX N0 YMOM4YaHUIO B NOcneayoLWemM
napannenbHOM CTPYKTYPHOM 6noke Kak shared, private unm none.

e Hanpumep, ecnu Bo chparmeHTe nporpammbl BMecTo private( myid, x )
HanucaTtb

. default( private ) To onpeaensieMblie ganee No ymorn4yaHuio nepemMeHHble myid n x
OyayT aBTOMaTU4YeCKM onpeaerieHbl Kak private.



OupekTussbl firstprivate u lastprivate

AOupektnebl (NnpeanoxeHust) OpenMP firstprivate u lastprivate ncnonb3sytoTcs a4ns onucaHus nokanbHbIX
nepeMeHHbIX, MHLWann3npyeMblx BHYTPU napannesibHbIX NOTOKOB.

MNMepemeHHble, onucaHHble Kak firstprivate, mony4yatoT CBOM 3HA4YeHWs U3 MNOCrenoBaTeNbHOM YacTu
nporpaMmmbl.

MNMepemeHHble, onucaHHble kak lastprivate, coxpaHsOT CBOM 3Ha4YeHMs1 MpU BbiIXoA4e M3 napannenbHbIX
MOTOKOB NPW YCITOBUMN NX NOCNEA0BaTENbHOMO BbIMONTHEHWS.

MpeanoxexHune OpenMP
firstprivate( var1, var2, ..., varN )

onpenenser nepemeHHble vari, var2, ..., varN KakK noKamnbHble MNepeMeHHble OnA KaXxgoro u3
napannesibHblX NOTOKOB, MPUYEM MHULMANM3aUNA 3HAYEHNN STUX NEPEMEHHbBIX MPONUCXOAUT B CaMOM
Ha4yane napannenbHOro  CTPYKTYpHOro 6noka Mo  3HayeHMsM U3 NpeaLecTBYHOLEro
nocnegoBaTenbHOro CTPYKTYPHOro 6rioka nporpaMmmbi.

B ka4ecTBe unnoctpauumn paccMoTpum oparmeHT NnporpaMmmb.
program first
integer :: myid, c
integer, external :: omp_get_thread_num
c=98
1$omp parallel private (myid)
1Somp& firstprivate (c)
myid = omp_get_thread_num ()
write (6, *) 'T: ', myid, 'c=', c
1Somp end parallel
end program first
T:1¢c=98 T:3¢c=98 T:2c¢=98 T.0c=98
B aTOM npumepe B Kaxxaom napansienbHOM NOoTOKe UCMONb3YEeTCHA CBOS NepeMeEHHas C, HO 3Ha4YeHne 3Tomn

nepemeHHon nepen BXoAoM B napanneanbu?l 6rok nporpamMmmsbl 6epeTc;| n3 npeguwecrteyrowiero
nocrnegosatenbHoro 6noka.



Npeanoxenne OpenMP
lastprivate( var1, var2, ..., varN )

onpeaensieT nepemeHHble vari, var2, ..., varN Kak nokanbHble nepemMeHHble Ans
Ka)K0ro U3 napannenbHbIX MOTOKOB, MPUYEM 3HAYEHUsI 3TUX NePEMEHHbIX COXPaHSAOTCS
Npv BbIXo4e M3 napannenbHOro CTPYKTYPHOro Grioka npu yCnoBumy, YTO napanfernbHble
MOTOKM BbIMNOMNHSAMNNCH B NOCreaoBaTenbHOM NOpsiaKe.

B kadecTBe nnncTpaunm paccMoTpum pparMeHT nporpamMmmubi.

B aTom npumepe nokanbHaga nepemMeHHas i NpuHUMaEeT pasfindHblie 3Ha4YeHUs B KaXKQoM
NOTOKE napansienbHOro CTPYKTypHoro trnoka. lNocne 3aBeplueHna napansiensHoro
CTPYKTYPHOro brioka nepemMeHHast i CoxpaHsieT cBOe nocregHee 3Ha4yeHue, rnonyvYeHHoe
B nocnegHem naparnsesisHOM NOTOKe, Npu YyCrnoBuKM NocrenoBaTenbHOro BbINOMHEHUSA
BCEX NapansienbHbIX NOTOKOB, T. €. N=N+1.

c$omp do shared ( x)
c$Somp& lastprivate ( i)
doi=1,N
x (i)=a
enddo
n=i



AupekTuBa if

OupektnBa (npeaonoxeHue) OpenMP if ucnonb3dyetcsa aOnsa opraHusayum
YCINOBHOIO BbINOSIHEHNS MOTOKOB B NaparnnesbHOM CTPYKTYpPHOM Oroke.

NMpeanoxeHne OpenMP

if( expression )

onpegendeTr YycnoBue BbINOMHEHMA NapanseribHbiX MOTOKOB B MocneayrLem
napannenbHOM CTPYKTYpHOM Oroke.

Ecnun BblpaxeHune expression npuHnumaeT 3HadeHne TRUE (VcTtnHa), TO NOTOKK
B nocreayrLwemM napannenbHOM CTPYKTYPHOM OGnoke BbINOMHATCA. B npoTuBHOM
clyyae, Korga BblpaXeHue expression npuHumaet 3HadvyeHne FALSE (Jloxes), noTokn
B nocrnegyroLwem napannenbHOM CTPYKTYPHOM 6oke He BbIMOMHATCA.
B kadecTBe unncTpaunum paccMoTpum pparMeHT nporpamMmmbi.
c$omp parallel do if (n .ge. 2000)

doi=1,n
a(i)=b (i)*c + d (i)
enddo

B aToM npumepe unkn pacnapaniennBaeTcs TONbLKO B TOM cCrnyyae
(n>2000), «korga napannenbHass Bepcuss b6yoer 3aBegomMo  BbicTpee
nocnegoBaTenbHOMN.
HanomMHuMm, 4TO TpyOoOEMKOCTb 0OpasoBaHMA napasnnesibHblX MOTOKOB
9KBMBarneHTHa npumMmepHo Tpygoemkoctn 1000 onepauunn.



OvpekTnea reduction

Onpektnea OpenMP reduction no3sondeT cobpatb BMECTE B rMaBHOM NOTOKE
pesyrnbraTbhl BbIMUCNEHUN YACTUYHbIX CYMM, Pa3HOCTEN U T. N. N3 NapansienbHbIX
NOTOKOB NocreayoLwero napannenbHOro CTPYKTYpHOro 6roka.

B npepgnoxeHunn OpenMP
reduction( operator | intrinsic: var1 [, var2,..., varN]) onpenensetcs operator -
onepauumn ( +, -, *, [ n T. n.) N PYHKLUMN, ANA KOTOPbIX OyAYT BbIMUCNATLCS
COOTBETCTBYIOLLUNE YACTUYHbIE 3HA4YEHUNS B NapansesibHbIX NoTokax
nocreayouwero napannensHoro CTPyKTypHoro 6rioka.

Kpome Toro, onpeaensieTcst CNUCOoK foKanbHbIX NepeMeHHbIx vari, var2, ...,
varN, B KOTOPOM ByayT COXpaHATbCS COOTBETCTBYOLWME YAaCTUYHbIE 3HAYEHUS.
[Tocne 3aBepLueHUst BCEX NapanseribHbIX NPOLECCOB YaCTUYHbIE 3HAYEHUS
CKnaablBaloTCA (BblMUTAKOTCA, MEPEMHOXKAIOTCA U T. MN.), U pe3yrnbTaT COXpPaHAETCS
B OOQHOUMEHHON 0bLIEen NepeMeHHON.

B kayecTBe nnnicrpaumm paccMoTpum doparMeHT nporpamMmbil.
c$omp do shared (x) private (i)
c$omp& reduction (+ : sum)
doi=1,N
sum =sum + x (I)

enddo
B aToM npumepe B KaXaom napannensHOM NOoTOKe ornpeaesieHa fokarnbHas
nepemMeHHasa sum A58 BblYMCNEHUS YaCTUYHbIX CyMM. [locrne 3aBepLueHus
napansenbHbIX NOTOKOB BCE NOKalnbHbIE MNEPEMEHHbIE SUM CYMMUPYIOTCS, a
pesyrnbraT coxpaHaeTca B 04HOMMEHHOM obwen (rnodanbHOMn) nepeMeHHoOn sum.



A3blke Fortran B Ka4vyecTBe napameTtpoB operator M intrinsic B
npeanoxeHusx reduction gonyckarwTcsa cregylowue onepauum um
pyHKLUMN:

napameTtp operator MoOXeT ObITb OAHOW U3  creaylLWUX
apudMeTUYECKUX UMM NOrMYECKUX onepaumm: +, -, *, .and. , .or. , .eqv.
, .neqv.;

napameTtp intrinsic MoxeT ObITb OO4HOM U3 crieAyrOWUX (PYHKLUN:
max, min, iand, ior, ieor.

Aa3blke C/C++ B Ka4vecTtBe napameTpoB operator wm intrinsic B
npeanoxeHusax reduction pgonyckarwTcA crnegylowue onepauum wu
pyHKLUMN:

napameTtp operator MoOXeT ObITb OAHOW U3 creayrLWUX
apudpmMeTYeCKNX Unun fiormyeckux onepauumm: +, - * & * &&, || ;

napameTtp intrinsic MoxeT ObITb OO4HOM U3 crieAyrOWUX (PYHKLUN:
max, min ;

yKasaTtenm U CCbIIKM B npeanoxeHuax reduction ucnonb3oBaTb
CTporo 3anpeLyeHo!



OvpekTnBa copyin
Hupektnea OpenMP copyin nucnonb3yetcsa ansa nepegayvm gaHHbIX U3 rnaBHOro
NoTOKa B napannenbHbie NOTOKU, Ha3dblBaeMon murpauuen gaHHolx. MexaHn3mbl
peanunsaummn aTon gupekTusbl B A3blkax C/C++ n Fortran pasnuyHel. PaccmoTtpum
aaree peanusayum aTon gupektTnsebl noodepegHo B C/C++ n Fortran.

MNMpeanoxeHne OpenMP B ai3bike C/C++
copyin( var1 [, var2|, ...[, varN]]] )

onpenenseT CrMcoK NokKarnbHbIX NepeMeHHbIX vari, var2, ..., varN, KoTopbiM
NpMCcBanBalOTCS 3HAYEHUA U3 OOHOUMEHHbIX ODLLIMX NEePEMEHHbIX, 3aaHHbIX B
rnmodanbHOM MOTOKE.

B Fortran B kadecTBe napameTtpoB anpektmebl OpenMP copyin 3agatotca MMeHa
common -65okoB ( cb1, cb2, ..., cbN ), B KOTOpbIX onncaHbl MUrpupytoLme
nepemMeHHble

copyin(/cb1/ [, /cb2/ [, ...[, IcbN/1]1])

T.€. Takne nepemeHHble 13 rnobanbHOro NoToka, KOTopble NepeaaloT CBOU 3HAYEHUS
CBOVM KOMUSAM, ornpeaeneHHbiM B napansenbHbIiX NOTOKax B Ka4ecTBe NoKarnbHbIX
NepeMeHHbIX.



B kadecTBe nnnictpauum murpauum gaHHbIX paccMoTpum doparmMeHT Fortran-
nporpaMmmbil.

B aToM npumepe murpmpyoLas LeniovYncrieHHasa nepeMeHHast X XpaHuTcs B
common -65oke mine. 3Ha4YeHWe 3ToM ObLLEN NEPEMEHHON 3a4aeTCs B [MaBHOM
noTtoke. B kaxxgom napannenbHOM MNoToKe NUCMNOSb3YyeTCA CBOS NOKanbHas

nepeMeHHas x, KOTOpPOW NpucBamBaeTcs 3Ha4YeHme obLen nepemMeHHON Xx.
integer : : x, tid
integer, external :: omp_get_thread _num ()
common/mine/ x
I $omp threadprivate (/mine/)
x=33
call omp_set_num_threads (4)
I $omp parallel private (tid) copyin (/mine/)
tid=omp_get_thread num ()
print *, 'T: "tid, " x =", x
I $omp end parallel

Pesynbratbl paboTbl NporpaMmmbi;

T.1x=33
T.2x=33
T:0x =33

T: 3 x =33



OupekTtusa for

Oupektnea OpenMP for ucnonb3yeTtcs ans opraHMsaunm napannenbHOro
BbIMOSTHEHUA METENb LIMKNOB B NporpamMmmax, HanmcaHHbIX Ha aA3blke C/C++.

NMpeanoxeHne OpenMP B nporpamme Ha C/C++
#pragma omp for

o3Ha4aer, 4To onepaTtop for, cneayowmn 3a 3TUM NpPeanoXeHnem, 6yaeT BbINONHATHCS
B NapannenbHOM pexume, T. €. Kaxaon neTne aToro umkna byaet CoOTBETCTBOBATb
COOCTBEHHBbIN NapaneribHbIA NOTOK.

B kayecTtBe nnnwoctpaumn ucnonb3oBaHus gupektmebl OpenMP for paccmoTpum
doparmMeHT nporpamMmmbl Ha A3blke C.
B atom npumepe netnn uumkna onepatopa for peanunayloTca Kak Habop
napansenbHbIX NOTOKOB.
[To ymonyaHuio B KOHLE UuuKra peanuayetcsd QPyHKUMA CUHXPOHM3auun barrier
(6apbep).
Ona otmeHbl byHKUMK barrier cnegyet Bocnonb3oBatbea npearoxeHmem OpenMP
nowait.
#pragma omp parallel shared (a, b) private (j)
{ #pragma omp for
for (j=0; j<N; j++)
afil=al]l+bl[l}



